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(54) Method and apparatus for forming three dimensiuueal cc.pcsit 



(^) Method and apparatus for forming three dimen- 
sional shaped webs. The apparatus controls the flow 
of entraining air for an air laid web by restricting 
passage of the air through selected zones of a 
condensing surface. By limiting the open area in a 
zone of a suction piate the amount of fibers con- 
densed over the zone is reduced permitting control 
of iocation of and amount of deposit. The duct work 
defining the conduit for the entraining air may also 
be shaped or provided with blocks to prevent 
scavenging of fibers which nave already been de- 
posited. 
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METHOD AND APPARATUS FOR FORMING THREE DIMENSIONAL COMPOSITE WEBS 



Technical Held 



The invention relates to formation of webs by 
condensing air entrained particies or fibers or both 
on a foraminous condensing screen and in oarticu- 
lar, forming composite webs which vary in shape in 
directions transverse and perpendicular to the ma- 
chine direction 



Background of the Invention 

Nonwoven fiber webs frequently consist of a 
random yet homogeneous agglomeration of long 
and short fibers. Long fibers are fibers of both 
mature! and synthetic ongir 1 r n^T are suitable fuf 
textiles. They are logger than 0.25 inches and 
generally range between 0.5 and 2.5 inches in 
'.ergth. Short fibers are suitable for paper-making 
and are generally less than about 0.25 inches long, 
such as woodpulp fibers or cotton (inters. It is 
Known in the art that strong nonwoven webs can oe 
made by rapidly and reliably blending inexpensive 
short fibers with strong long fibers. 

Nonwoven fabrics are less costly than woven 
of knitted material, yet are more or less enm- 
oarable in physicai properties, appearance, and 
weight Thus inexoensive nonwoven fabrics are 
available for a wide variety of products, including, 
hand towels, table napkins, sanitary napkins, hos- 
pital clothing, draperies, cosmetic pads, etc. These 
nonwoven webs can be particularly advantageous 
when formed as a layered or composite material 
having a varying area in horizontal cross-section at 
various vertical locations. 

Methods and machines for making nonwoven 
fluff pulp pads and pre-shaped absorbent products 
are known, but do not provide for selective blend- 
ing and layering of pulp, textile, and particulate 
materials. In particular, providing webs with a 
shaped pro f i!e and''or layered construction is a de- 
sirable yet unattained attribute of web forming ap- 
paratus. 

For example, U.S. Patent No 4.701.294 dis- 
closes an apparatus for airfcrming of webs The 
apparatus includes a striking mechanism which 
feeds fiberized material into a web forming zone. A 
gas delivery system forces a gas stream along the 
fibenzing mecnanism and into the web forming 
-nne The gas-fiber stream induces a supplemen- 
tary gas flow and a steering mechanism guides the 
induced flow to direct the fibers toward selected 
areas of a condensmq surface. This apparatus is 
inefficient in its operation. After passing the vanes 
<vhich make up the steering mecnanism, the air 



flew tends to return to a more even flow thus 
reducing tne effect of the steering vanes. There- 
fore, sharp, even transitions cannot be made with- 
out placing the vanes directly above the concens- 

5 ing surface, wnicn in turn increases the resistance 
to air fiow to the condensing surface and turbu- 
lence at the condensing surface. Furthermore, the 
apparatus is limited to the use of a single fiber 
input, thus not permitting a biend of entrained 

jo fibers of differing types. 

Summary of the Invention 

is In order to improve web structures and over- 

come the deficiency of prior methods and appara- 
tus, the invention comprises modifying the air now 
within the web forming zone of a nonwoven weD- 
ber. An improved suction piate beneath a moving 

20 foraminous condensing belt is used to provide the 
modified air flow. For exampie. the plate may be 
provided with more free area or open area in one 
part as compared to another part of the suction 
pfate. 

25 As used herein, free area or open area refers 

to that portion of a given area which permits pas- 
sage of air. For exampie, in a perforated plate, the 
free area or uuen area is the total area of perfora- 
tion in a given area, that is me ratio ui unucciuded 

30 area to total area and is often expressed as a 
percentage (i.e. 25% open area means ' ^ of the 
total area is unoccluded). 

The plate may have varying amounts of open 
area in different zones across the suction piate. 

35 The variation may range from 100% open down to 
a complete blockage. Thus, increased flow is pro- 
vided through areas having the highest percentage 
open area and thereby causing an attendant in- 
crease in the amount of fiber condensed 

jo thereabove. By appropriate positioning of these 
zones, shaped structures may be formed which 
have sharp transitions. That is, shapes having step- 
like shape changes across the transverse width of 
the web. 

45 The variation in percentage open area may be 

provided by masking portions of the suction plate. 
By masking the flow through the foraminous con- 
densing screen, fiber deposition above the mask is 
virtually eliminated and fiber quantity condensing 

so thereupon is negligible. Alternatively, masks may 
to provided aocvo tne scree n a n d masks may 
move with the screen. 



Bnef Description of the Drawings 



EP 0 383 616 A1 



4 



FIGURE 1 is a perspective scnemanc view 
of a webber for use m the present invention; 

FIGURE 2 is a schematic cross-section of 
the webber of FIGURE 1 ; 

FIGURE 3 is a perspective view of a web 
produced according to one embodiment of the 
present invention; 

FIGURE 4 is a top plan view of the suction 
plate for forming the product of FIGURE 3; 

FIGURE 5 is a perspective view of a web 
produced according to a second embodiment of 
the invention; 

FIGURE 6 is a top plan view of the suction 
plate for forming the product of FIGURE 5: 

FIGURE 7 is a perspective view of a web 
produced according to a third embodiment of the 
invention; 

FIGURE 8 is a top plan view of the suction 
niare tor form i no the product of FIGURE 7 ; 

FIGURE 9 is a perspective view of a product 
produced according to a fourth embodiment of the 
invention; 

FIGURE 10 is a top pian view of a suction 
plate for forming the product of FIGURE 9; 

FlGURh n is a perspective view of a prod- 
uct produced according to a fifth embodiment of 
the invention; 

FIGURE 12 is a top plan view of the suction 
plate for forming the product of FIGURE 1 1 ; 

FIGURE 13 is a perspective view of a prod- 
uct produced according to a sixth embodiment of 
the invention; 

FIGURE 14 is a top plan view of the suction 
piate for forming the product of FIGURE 13; 

FIGURE 15 is a perspective view of a prod- 
uct produced according to a seventh embodiment 
of the invention; 

FIGURE 16 is a top plan view of the suction 
plate for forming the product of FIGURE 15; 

FIGURE 17 is a perspective view of a prod- 
uct produced according to an eighth embodiment 
of the invention; and 

FIGURE 18 is a top plan view of the suction 
plate for forming the product of FIGURE 17. 

Detailed Description of the Preferred Embodiments 

Referring n 0 w to FIG. 1, there is shown a 
transverse webber 1 as shown in copending, com- 
monly assigned U.S. application Serial No. 99,875. 
filed September 22. 1987 (ABT-19). The apparatus 
has a pair of fiber forming units such as lickenns 
2.3. The iicKerms 2.3 are fed fiber supplies 4.5 
such as puip board uf the like. The *:oer suppnes 
4.5 are fed past nose bars 6.7 and into contact with 
lickenns 2,3. The lickenns have a plurality of pro- 
trusions (not shown) which impact the supplies 4,5 
to open and individualize the fibers thereof. The 



lickenns spin at speeds which optimize the opening 
ana individualization of the particular fibers as 
known in the art. The supplies 4,5 are preferably of 
different fibers such that a blending occurs in duct 

The fibers exit the lickenns at openings 9,10 
ana are entrained in air moving through duct 8 until 
they condense on a foraminous surface formed by 
condensing screen 11. The air flow through duct 8 

70 is caused in part by a vacuum created in vacuum 
box 12. The vacuum is created in a known manner 
by, for example, a vacuum pump (not shown). This 
vacuum pulls air through the duct 8 and condens- 
ing screen 11 into the vacuum box 12. This air 

?5 entrains fibers which flow with the air until ob- 
structed oy screen 11. The initial fibers impact the 
screen 1 1 and condense thereon. Subsequent fi- 
bers condense upon the initial fibers and entangle 
therewith buildinq up a web of fibers having some 

20 degree structural integrity. Multiple feeds may be 
provided in order to produce a blended or muiti- 
, * , , , rrt 

Between condensing screen 1 1 and vacuum 
box 12 is a suction plate 13. The suction plate 13 
25 supports the condensing screen 1 1 to prevent de- 
flection of the screen in response to the forces of 
the vacuum and weight of the web formed by 
condensing of the fibers. The suction plate is perfo- 
rated. 

3C The amount ot any particular fiber condensing 

at a pa r trcjiar location is dependent upon the 
enfiCufu of the particular fibe r entrained in the air, 
the amount of air moving through the screen 
(condensing surface) and the speed that the screen 

35 moves in the machine direction. 

In order to vary the amount of fiber condensed 
on the screen, in a direction transverse to the 
machine direction, the present invention provides 
suction plate 13 having varying opening sizes, 

40 number and shape in both the machine direction 
and transverse to the machine direction. Thus, the 
amount of air passing through the screen varies 
according to the variation in the openings of the 
suction plate. 

■j s Accordingly, a web 14 may be formed having 

r:bs 15 (FIG. 3). The ribs extend parallel to each 
other and e<tend the iength of the web 14 in the 
macnine direction. 

In order to rorm the ribbed structure of FiCi. 3. 

so a suction plate of the type shown in FIG. 4 is used. 
The suction piate has a number of small openings 
16 which permit the passage of entraining air. The 
suction plate also defines a number of slots 17 
wpncn extend ;n the machine direction and parallel 

55 to one another. Slots 17 are. for example, 100° Q 
open to permit air passage to be free as compared 
to the nerve ass age c f 3 |r through the solid remain- 
der of the plate. In the area of slots 17 the or.iy 
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restriction to air oassage is the condensing screen 
11. Due to the lower resistance to air oassage 
there will be an increased volume rate of flow of 
entraining air through the slots. As the fibers are 
entrained in the air in a substantially uniform 
amount, the increased volume rate of flow of air 
increases the amount of fibers condensed on the 
screen above the slots by selecting a separation 
between the slots which is smaller than the staDle 
length of at least one of the fibers being deposited, 
some of the fibers will be deposited in a position 
crossing the separation and linking adjacent zones 
over the slots. Thus, the ribbed structure is formed 
having ribs formed bv the increased fiber deposits 
over slots 17. As the ribs get thicker, they restrict 
flow a greater amount than the thin "vaileys". 
Therefore, at a point defined by the size of the 
slots, the pressure differential across the screen 1 1 
and the fiber tvne. the fibers beqin to condense 
more uniformly. 

A further embodiment of me product is shown 
in FiG. 5. A wcu 14 is formed having a rounded 
shape in transverse :ross-section This shaoe is 
built up from the center out by layering which 
forms a structure looking much like the rings of a 
tree trunk. Thus, a fiber or fiber plena may be 
entrained in air at the beginning of the condensing 
zone which will form a core 18. With different fibers 
entrained in different portions of the air in the 
machine direction causing a build up ot layers. As 
wi!! be seen, the arcuate layers shown m FIG. 5 
would not nave a sharp tine of demarcation unless 
discrete supplies of entrained fibers are used. 

The suction plate used to form web 14 of FIG. 
5 is shown in FiG. 6. The suction plate 13 defines a 
zone 19 which is triangular in shape. If the suction 
plate is foraminous. the openings outside the zone 
19 are masked. The apex 20 of the triangle is at 
the earliest point in the condensing zone, that is 
upstream along the machine direction. Thus, fibers 
will begin to condense only in the center of the 
screen over the apex As the screen moves in the 
machine direction, the open portion tapers outward 
according to the shape of the triangle, and fibers 
begin to condense at the newiy widened edge 
while fibers in the middle condense on top of the 
oreviously condensed fibers. In this embodiment, 
the geometry of the triangular zone determines the 
web shape. A long triangle which tapers slowly will 
create a web cross-section having a short radius of 
curvature A shorter and mere quickly tapering 
triangle creates a web having a gentler curve to its 
cross-section, that is, a longer radius of curvature, 
jf desired, mp riminii < t uss-section of the web may 
be created by placing baffles in duct 8 which 
extend transverse to the machine direction to sepa- 
rate tne due; 3 into different zones. By feeding 
different fibers (type or color) into the different 



zones created by the baffles, a layered effect is 
;reatec. 

A strikingly different cross-sectiona! structure 
as shown in FIG. 7 may be ootained by simply 

5 rotating the suction plate of FIG. 6 180 In this 
structure, the arcuate overall shape of the web is 
maintained, however-, the internal structure differs. 
Rather than the rings of FiG. 5. the structure has 
the material laid down in flat layers 21. By placing 

' o the base 22 of the triangular zone at the initial point 
of the condensing zone, a broad base layer is laid 
cown first. As the screen advances a narrower and 
narrower portion of the suction plate is open. 
Therefore, narrower layers are deposited creating 

/5 the curved shape. Masked portions 23 need not be 
wholly occluded. Rather, the masked portions may 
;ust have a smaller amount of free area thus reduc- 
ing the flow but not eliminating it. In this way the 
separation of the layers are less defined at their 

20 transitions. !n fact, some ope^ ?irea across the 
entire web width may be necessary to orevent 
^r^venging of already deposited fibers once the 
suction beneath the fibers is removed. It is ore- 
ferred, however, to modify duct 8 so tnat the wails 

25 are positioned above the transition between the 
opened and closed portions of the plate. Thus the 
already deposited portions are moved out of the 
suction zone as the open portion beneath them is 
removed thus preventing scavenging of the already 

in deposited fibers. This result may also be obtained 
bv blocking the duct 8 over the non-open portion of 
the pi?tp 

A further variation of the web is shown in FIG. 
9. In this instance, an hourglass-like shape (for 

35 example) is provided. The web has bulges 24 
along each longitudinal edge. The bulges 24 may 
be aligned on each edge, or may be offset to form 
a zig-zag form. The bulges 24 are depicted as 
recurring at equal distances and amplitudes, how- 

40 ever, the pattern is determined by the masks of 
FIG. 10. 

In FIG. 10, a pair of variable width masks are 
shown. These masks are similar to those described 
above except they ride on top of and move with 

-c rnnHoncino ^rreen A uniformly foraminous 

suction date supports the condensing screen 1 1 
and the moving masks 25 are synchronized for 
movement with the screen. Thus, the same portion 
of the screen 1 1 is masked during a given pass 

50 through the condensing zone. Because the portion 
is masked, only negligable amounts of fiber con- 
dense thereon and the web takes the shape of the 
unmasked portion. The moving masks 25 may take 
? number of shaDes and are oreferably continuous 

55 Thus, the masks may oe mounted to pass tnrougn 
the condensing zone out of the webber and around 
m the beginning. The shaoe of the mask may oe 
non-repetitive along its length thus causing the web 
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snace to repeat at a oenod determined only oy the 
length of the continuous mask. Tne masK may be a 
flexible plastic or ruboer strip, ana may oe made of 
a chain of metal iinhs. The mask does net need to 
be as thick as the web created, rather it need oniy 
be thick enough to mask the suction plate and hola 
uo under continuous use. However, a thicker mask 
will better define the product edge. In an extreme 
case, the moving masks along either edge of the 
screen are joined at points across the screen. In 
this manner, individual molded products are formed 
between the junctions without the need for thick 
and heavy molds. In such a case, the mask must 
recirculate in the same plane as the condensing 
screen. 

A further modification may be made in keeping 
with the invention to provide a structure as shown 
m FIG. 11. There, the web is formed with a central 
longitudinal trough 26. The trough 26 -s bounder! 
bv ndqe 27 extending lengthwise along the edges 
of the web. 

The structure of FIG. 1 1 is created oy varyiny 
the open area across the width of the suction plate 
13. Center 28 has fifty percent of the ooen area per 

t h ihC 



jnit area as compareu 



^i-oinaj nnrtinn s 



29. That is. the ratio of open area to total area of 
center 28 is half the ratio of open area to total area 
of marginal portions 29. Thus, the volume rate of 
flow of entraining air per unit area is less in the 
center 28 than marginal portions 29. Therefore, a 
larger amount of fiber uundenses along the ocges 
forming ridges 27 which define trougn 26. 

From combinations of the above-described em- 
bodiments compound structures may be formed. In 
FIG. 13 a composite structure is shown having a 
base layer 30 which has a part cylindrical outer 
surface 31. However, the external shape of the web 
is a common rectangle formed by cover layer 32. 
This is particularly advantageous when layers hav- 
ing different properties are desirable. The base 
layer may be an absorbent core with a hydropho- 
bic cover layer 32 

The structure of FIG 13 may be formed using 
the suction plate structure of FIG. 14 There the 
plate is rjividea into base section A and cover 
section B. In section A, which is the initial section 
passed over by the screen, the suction plate is 
masked except for triangle 33a. This creates the 
curved structure for the base layer as described 
above in connection with FIG 6. 

in section B. the triangle 33b is only partially 
opened, however, marginal triangles 34 are fully 
ooen. Thus, the cover layer 32 is formed by the 
increased now along the edges ana pama- 
aiong the center. As the screen passes through 
section B. an increasing distance m from the edges 
is fully open thus increasing the width which lias 
the highest rate of condensing. This is an inversion 



:f section A thus orovidtng a rectangle when sec- 
:;cns A anc 5 combine. Different fibers may ce fee 
to torn the oase iayer and cover layer It may be 
convenient to separate the due: between sections 

5 A and B when different fibers are fed. however, it is 
preferred to leave the duct unseoarated in order to 
provide a blending of the fibers at the transition 
between A ana B. Thus, a transition layer is formed 
to provide a more integral structure. In this way a 

rc composite product may be made for example hav- 
ing a cupped hydrophobic layer (section B) of 
fibers and an absorbent core (section A). 

FIG. 15 shows a more complex composite 
structure which may be formed according to the 

;s present invention. The product has marginal wail 
35 of a wicning or hydrophobic fiber, a central 
absorbent core 36 and a facing or backing layer 
37 This structure forms an encased absorbent 
core for items such as sanitary napkins or diapers. 

20 i he marginal wails 35 may be cf a mater? 2! wn.cn 
orevenis icuetai leakage of the fluid absorbed hy 
absorbent core 36 T he layer 37 can either be a 
wicking facing iayer or a hydrophobic backing lay- 
er. 

25 The product of FIG. 15 may be formed by a 

suction piate modified as ;n F'G. 16. The plate <s 
divided into three zones, the first zone forms mar- 
ginal walls 35, the second zohr forms absorbent 
core 36 and the third zone forms layer 37. In the 

3G first section., a rectangular central portion 38 is 
masked leaving two rectangular open section 33. 
As the fcramtnous srmen passes over this portion, 
the marginal walls 35 of the product are formed. 
Because of the masking of central portion 38, little, 

35 if any, fiber condenses at the center of the screen. 
In the second section of the screen the absorbent 
core is formed. The suction plate is open over the 
entire length and breadth of this section. The duct 
8 is narrowed, either by closer spacing of the walls 

40 or insertion of blocks, to a width approximately 
equal to that of section 38. Thus, the fibers con- 
dense over the narrowed center section, if an ab- 
sorbent fiber such as wood pulp is fed into the 
webber at tnis portion, the absorbent fibers would 

JC . rondense over the centra! section thus forming 
absorbent core 36. In the final portion of the suc- 
tion piate, the full width is open and the duct 
extends the mil width of the plate. Th>s causes the 
fibers to condense across the full width of the wee 

50 In this manner, layer 37 may be formed. 

FIG. 17 depicts a further embodiment of the 
product wnere a top and bottom layer are both 
formed. The oroduct has an absorbent core 36 and 
maroinai wails 35 as hp^rribed m the previous 

55 embodiment However, this product has both a too 
iaver 37 and a bottom layer 40. Too layer 37 may. 
for cxamole, be ^orm^n of fibers having desirable 
wickmg qualities wnile oottom layer 40 is formed of 
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nycropnccic fibers and. therefore, forms a carrier. 
Advantageously, bottom layer 40 may oe rormea cf 
the same fibers as marginai walls 35. 

To form the product or FIG. 17, a webber 
including the suction plate of FIG. 13 is used. The 
suction plate ot FIG. 18 is similar to that of FIG. 16, 
however, it is divided into four portions; a first 
portion for the bottom layer, a second portion for 
the marginal walls, a third portion for the core and 
a fourth portion for the top layer. 

In the first portion E of the suction plate 13 of 
FiG 18, the plate is open across the width of the 
desired web. Thus, the bottom layer 40 of the 
product is formed as the screen passes over the 
first portion of the suction plate. In the second 
portion F, the plate has rectangular full flow edge 
zones 41. The portion of the piate between the 
edge zones 41 is partial flow zone 42. Partial flow 
.one 42 has less open area per square in C H th^n 
edge zones 41. Thus, fibers condense over edge 
zones 41 while the partial flow in Dartial flow zone 
42 is sufficient to hold the already conaensea fi- 
bers of iayer 37 and thereby prevent the scaven- 
ging of fibers from the screen over partial flow 
zone 42 by She How through edge zones 41. 

In the third portion G of suction plate 13 of FIG. 
18, the edges of the suction plate are substantially 
masked to Sower air flow white center zone 43 is 
open, that is center zone 43 has open area. The 
duct is narrowed to prevent scavenging as de- 
scribed above m connection with me embodiment 
of FIG. 16. The fibers, therefore, condense in the 
web center forming the core. Partial flow to main- 
tain marginal wails 35 may be provided but is not 
necessary. Walls 35 provide sufficient integrity 
themselves to prevent an appreciable amount of 
scavenging. 

In the fourth portion H of FIG. 18, the full width 
of the suction plate has open area, thus the top 
layer condenses evenly across the width of the 
web. In this way, an outer cover layer or backing 
layer may be formed by condensing approonate 
fibers in a thin top layer. The open area across the 
plate in portion H may have to vary to take into 
account tne different resistance to flow of the air 
provided by walls 35 ana core 36. 



Claims 

l. A web forming apparatus having: 

(a) means to individualize fibers from a fiber 
supply, 

i'u) d condensing means spaced trom saio 
fiber supply for receiving fibers from said supply, 
and 

(<z) means to discharge saio fibers into a 
mixing zone having a gas stream passing thereth- 



rough wmcn entrains said fibers and conveys saia 
ficers to saia condensing means wmcn permits 
passage of the gas stream while condensing sate 
fibers thereupon to form a weD. wherein: 

(G) sa:d c o nee n sing means is a mo vino 
foraminous surface which moves transverse to saia 
gas stream; and 

(e) a flow control means is positioned adja- 
cent to and at least partially obstructing said 
foraminous surface at a first position within saic 
mixing zone to restrict passage of gas therethrough 
to an amount lesser than an amount at a second 
position within said mixing zone, to cause a greater 
basis weight of fiber to be condensed at said 
second position than at said first position. 

2. The apparatus of claim 1 wherein said flow 
control means is a perforated suction plate posi- 
tioned on the side of saia foraminous surface op- 
oosite said mixtnq zone. 

3. l ne apparatus of claim 2 wiieieiu said sue 

. c ^ f ^, ,h 

it naccanp nf ^aifi n^^ 

stream through said suction piate and said suction 
piate has a lesser number of said openings per unit 
area adjacent said first position than adjacent said 
second position. 

4. The apparatus of claim 2 wherein said suc- 
tion piate defines a plurality of openings to permit 
passage of said gas stream through said suction 
p.ate and said suction plate defines openings adja- 
cent said first pos'tinn having lesser cross-sectional 
dica per unit area of said suction plate than ?dj-- 
cent said second position. 

5. The apparatus of claim 1 wherein said flow 
control means is a stationary suction plate defining 
elongated open slots at said second position ex- 
tending in the direction of movement of said 
foraminous surface. 

6. The apparatus of claim 5 wherein said suc- 
tion plate occludes the foraminous surface at said 
first position. 

7. The apparatus of claim 5 wherein said suc- 
tion plate is perforated to permit flow of gas there- 
through at said first position. 

8. The apparatus of claim 2 wherein said flow 
control means masks said foraminous surface at 
said first position to prevent gas passage through 
said first position. 

9. The apparatus of claim 1 wherein said flow 
control means moves with said foraminous surface 
so the same part of said foraminous surface is 
continuously masked as said foraminous surface 
oasses across said gas stream. 

10. The apparatus cf claim 1 wherein: 

(a) said moving foraminous surface is planar 
and moves through said mixing zones m a single 

(b) supstantiafly linear mixing zone margins 



EP 0 383 616 A1 



12 



are defined m the plane of said forammous surface, 
parallel to said single direction and soacea from 
one another; and 

(c) said second oosition is a triangularly 
shaped zone within the plane of said lOcanmrious 5 
surface and satd second position is the remainder 
of saic zone defined partially by said mixing zone 
margins. 

1 1 . The apparatus of claim 10 wherein said first 
position is masked to prevent gas flow thereth- -o 
rough and said triangular portion is open to said 
mixing zone so substantially ail of the gas flow 
passes through said triangular portion. 

12. The apparatus of claim 10 or claim 11 
w h ere!n said first position has less open area oer :s 
unit area than said trianguiarly-shapea second po- 
sition. 

13. The apparatus of any one of the claims 10 
to vi wnprpin said irianquiariy-shaped second posi- 
tion is defined bv a base edge transverse to said 20 
sinqle direction and has two sides meeting at an 
apex spaced from said base in the same direction 

as satd single direction. 

14. The apparatus of any one of claims 10 to 

12 where?- said trianauiar portion is defined by a ?5 
base edge transverse to said single direction and 
has two sides meeting at an apex spaced from said 
base in the direction opposite said single direction. 

15. The apparatus of claim 1 wherein: 

(a) said mixing zone is enclosed by walls so 
entendinq parallel to said gas stream, duu 

(b) at least one divider separate saia mixing 
zene into separate deposition zones and at ieast 
one of said deposition zones has a first position 

and a said second position therein which are in a 35 
pattern different from a pattern of positions defined 
in a second deposition zone. 

16. The apparatus of claim 15 wherein said 
means to individualize fibers is adapted to supply 

at least first individualized fibers to a first of said 40 
deposition zones and at least second individualized 
fibers different from said first individualized fibers 
to a second deposition zone. 

17 The apparatus of claim 1 wherein a layer of 
fibers is deposited onto at ieast a portion of said -5 
forammous surface prior to entering said mixing 
zone. 

18. The apparatus of claim 1 wherein said flow 
control means at least partially obstructs passage 
of said gas at more than two positions to restrict so 
passage of said gas through each of said positions 
at a rate different than a rate passing through at 
least one other position. 
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